Background. In the aftermath of earthquakes, the cumulative incidence of crush-induced acute kidney injury (AKI) is difficult to predict. Insight into factors determining this risk is indispensable to allow adequate logistical planning, which is a prerogative for success in disaster management. Methods. Data of 88 crush-related AKI patients in the aftermath of the Kashmir earthquake were collected and outcome measures were analysed. Then the findings were compared with the data of 596 crush-related AKI patients of the Marmara earthquake. Results. The earthquake in Kashmir occurred in a rural area with lack of medical facilities and difficult transportation conditions while the earthquake in Marmara occurred in an urban area with more efficient transport possibilities. In Kashmir we reported fewer patients with treated AKI (1.2 AKI per 1000 deaths, 1.3 AKI per 1000 victims) than in Marmara (34.1 AKI per 1000 deaths; P < 0.001, 13.6 AKI per 1000 victims; P < 0.001). Time lag between earthquake and admission to hospitals was longer in Kashmir (5.8 ± 5.8 days) than in Marmara (3.5 ± 3.7 days; P < 0.001). The frequencies of fasciotomies (P < 0.001), amputations (P < 0.001) and dialysis (P = 0.005) were lower in Kashmir, than in Marmara AKI patients. Conclusions. The cumulative incidence of treated AKI related to number of deaths or victims might differ substantially among earthquakes. Many factors may affect the frequency of AKI: hampered rescue and transport possibilities; destroyed medical facilities on the spot; availability or not of sophisticated therapeutic possibilities and structure of the buildings might all have impacted on different cumulative incidence between Kashmir and Marmara.
Introduction
Highly vulnerably built environments that cannot withstand the energy input from earthquakes cause high mortality and morbidity [1] . The higher the intensity on the Richter scale of an earthquake, the higher the death to injury ratio [2] . Most earthquake fatalities die as a result of asphyxia/compression or head/neck trauma within the first hours after the quake [3, 4] . Surviving victims who are entrapped in collapsed buildings are at risk for crush syndrome [5] . The crush syndrome is caused by rhabdomyolysis due to compression and ischaemic injury to the skeletal muscles [6] . Fluid therapy prevents renal failure in crush victims that is induced by the presence of dehydration and acidosis together with release of myoglobulin into the circulation [7] . The cumulative incidence of actual AKI in surviving victims in the aftermath of disasters is difficult to detect for practical reasons. The treated cumulative incidence of AKI shows remarkable variability among various disasters and is affected by rescue efforts, entrapment time, timing of the disaster and prehospital patient dehydration [8] .
For example, the Indian Gujarat earthquake in 2001 caused 20 000 deaths, 167 000 injured and only 35 treated AKI [9] while the Japanese Hanshin earthquake in 1995 caused fewer deaths (5500) and injured (41 000) but 202 treated AKI [10] .
In the present study, the cumulative incidence of treated AKI and its relation to the local circumstances are compared between the Kashmir earthquake on 8 October 2005 and the Marmara earthquake in Northwestern Turkey on 17 August 1999.
Methods
The Renal Disaster Relief Task Force (RDRTF) of the International Society of Nephrology (ISN) offered support for the renal problems in the aftermath of the Kashmir and Marmara earthquakes, next to other events [11] . In Kashmir the data were collected from the files of 93 crush victims with renal problems who were admitted to renal wards or intensive care units from five different Pakistani hospitals: Pakistan Institute of Medical Sciences (n = 43); SHIFA international (n = 11); CGH Rawalpindi (n = 14); Military Hospital-Rawalpindi (n = 11) and Fanji Foundation Hospital Rawalpindi (n = 9). A local Pakistani doctor (A Hussain) filled out the questionnaires in the aftermath of the disaster. In Marmara the data were also collected by questionnaires that were sent to 35 different nephrology units that treated victims with crush-induced renal problems. Most patients were first admitted to the emergency unit and were then referred to the renal unit after clinical and biochemistry examination. The local physicians decided upon the indication for dialysis. Because all the patients presented with acute renal dysfunction without any baseline measurement of renal function, we calculated a theoretical baseline serum creatinine value in each patient of the study, assuming that a simplified 'modification of diet in renal disease' MDRD formula provides a robust estimate of a normal GFR (∼75-100 ml/min per 1.73 m 2 ) relative to serum creatinine based on age, race and sex. The change in serum creatinine was estimated in each patient. AKI was defined according to the RIFLE criteria as an abrupt reduction in kidney function corresponding to an absolute at least twofold increase in serum creatinine or/and urine output <60 ml/kg/12 u [12, 13] . In Kashmir five patients were not included in the database because they did not fulfil the RIFLE criteria or because of missing important data. According to the RIFLE criteria, 596 patients had AKI of the 639 patients with renal problems due to crush injury in the Marmara cohort. We combined the data of the patients with RIFLE-AKI from both earthquakes in one SPSS data file.
Statistical analysis
We recorded the data in SPSS 15.0 Descriptive statistics for all numeric variables, including means, medians, standard deviations and minimum and maximum values. We performed the t-test to compare two independent group means. When the continuous variables were not normally distributed, the Mann-Whitney U-test was used. The proportions of all categorical variables were calculated in 2 × 2 contingency tables; differences between group proportions were examined by the χ 2 test. The calculated P-values were provided. A binominal test was used to compare the gender distribution of the patients with AKI to the gender ratio in the local population (test proportion).
Results
In this study we compared various features, which could be associated with the risk of AKI in the aftermath of the Kashmir and Marmara earthquake that both occurred in densely populated and inhabited regions. The intensity of the earthquake was slightly higher in Kashmir than in Marmara ( Table 1 ). The Kashmir disaster caused more total deaths, more injured survivors and a higher death to injury ratio than the Marmara earthquake [1] (Table 1) , but in Kashmir fewer patients with treated crush-induced AKI (n = 88) were reported than in Marmara (n = 596).
The earthquake in Kashmir hit in the morning while the earthquake in Marmara took place at night. In the Kashmir earthquake more than 18 000 children died and many were injured in collapsed poorly built school buildings [14, 15] . Both AKI groups had a low number of children probably because of lower surface area and/or muscle mass than adults. The proportions of the age categories ( Figure 1A) were not significantly different between both AKI populations although the global population in Kashmir contained more children (1 604 800) than in Marmara (621 900; Figure 1B) . The mean age of AKI victims in Kashmir was 35.7 ± 14.8 years while in Marmara they were slightly younger (32.2 ± 14.4; P = 0.03 [16] ).
More males than females suffered from AKI in both populations. In Kashmir the male to female ratio in the victims with AKI was 1.32 while the gender ratio in the global population was 1.048. This difference was not significant, probably due to the small numbers in the AKI group (n = 88). In Marmara the male to female ratio in the renal victims was 1.23 while the gender ratio in the global population was 1.019 [17, 18] . This difference was significant (P = 0.03).
The victims with AKI in Kashmir were admitted markedly later than the AKI victims in the urban areas of Marmara (Table 2; Figure 2 ; P < 0.001). The mean serum creatinine, phosphorus and calcium in AKI victims were higher in Kashmir than in Marmara (Table 3) . The peak CK level in AKI victims in Marmara was higher than in Kashmir (Table 3 ). The frequencies of fasciotomies, amputations and the need for renal replacement therapy were markedly lower in the Kashmir patients than in Marmara (Table 2) . We reported more fractures of the extremities in the Kashmir AKI patients than in Marmara (P < 0.001). The Marmara patients with AKI had more thorax traumas than the Kashmir victims with AKI (P < 0.001). The (Table 2 ). In Kashmir a higher proportion of patients with AKI were entrapped less than 4 h than in Marmara (Table 2 ). In Marmara a higher proportion of patients with AKI were entrapped >24 h than in Kashmir (Table 2) .
Discussion
To our knowledge, until now there have been no direct studies comparing different earthquake conditions regarding their relation to renal outcome. It is of utmost importance to compare outcomes of disasters allowing us to make more accurate predictions in future events. In the present study we evaluated the influence of demographical and geological features in two major earthquakes of the last decade on the cumulative incidence of treated crush-induced AKI. Admittedly, such an analysis can never be the topic of a controlled study, due to disaster circumstances, and can only be pursued by comparison of events with different characteristics.
The high altitude and unstable mountainous geological situation make Northern Pakistan very vulnerable to extensive landslides, especially when an earthquake strikes the region [22] . This phenomenon made the Kashmir region less accessible and delayed the rescue efforts, resulting in a high risk to die on the spot, hence indirectly reducing the cumulative incidence of treated AKI. The importance of fast rescue was well illustrated in the Kobe disaster that revealed a high survival rate of the extricated victims on the first day and a low probability of being alive on extrication after the first day [23] . Further possible explanation for the lower number of treated AKI could be the selection bias of patients during the triage process, whereby those needing dialysis or intensive care may have been excluded from transport, because of the awareness of low availability of both amenities. Patients with less severe injuries might have been given higher priority. Also some patients or their relatives refused to seek medical help because of economic or religious reasons. The crush victims with AKI in Marmara had more crushinduced complications and necessitated more interventions (dialysis, fasciotomies and amputations) while the AKI patients in Kashmir had more fractures of the extremities; this may be related to the daytime occurrence of the earthquake in Kashmir when most individuals are upright and about, whereas the Marmara earthquake occurred overnight and hit people in supine position that increased the risk for complex muscle compression [24, 25] . Another reason for fewer crush-induced complications in the Kashmir group could be related to the shorter time period under the rubble than the Marmara group of AKI who were entrapped in more complex buildings. The time period under the rubble is pointed out as an important indicator for crush-induced AKI [26] [27] [28] [29] [30] . The Bam earthquake (2003, 5.30 a.m.) showed that crush-related AKI (n = 170) developed in victims who were entrapped longer whereas victims developing no AKI were extricated earlier (6.2 ± 4.1 versus 2.1 ± 3.9 h; P < 0.001) [31] . Further important factors besides speed of rescue efforts, entrapment period and time of occurrence that influence the frequency of crush-induced complications during disasters are the degree of availability of basic life supplies and the meteorological circumstances. For example, the victims in Marmara were more prone to dehydration because the quake occurred in a hot summer , but only four cases of registered AKI needing dialysis. Most surviving earthquake victims were extricated quickly and could be offered intravenous fluid, both preventing crush-induced AKI, because the Yogyakarta area was already prepared for a disaster due to the activity of the Merapi volcano.
Also, the experience gained in the aftermath of the latest Peruvian earthquake, which with an intensity of 7.9 took place in the evening of 15 August 2007 indicates that local conditions have a major impact on the frequency of AKI. Even for the maximum reported mortality rate of 519 and 1366 injured [33] , which remained unmodified from Day 3 on, the occurrence of one single AKI victim needing dialysis is low. Here the late start of rescue activities (reportedly at the earliest 14 h after the disaster), partly due not only to the vast destruction of roads but also to a lack of advance rescue plans, together with the light building structures and the daytime occurrence, led to an extremely low number of polytrauma victims in the hospitals and to a low incidence of crush-induced AKI [personal observation at the occasion of an intervention from the Renal Disaster Relief Task Force (RDRTF) by S. Claus].
Our study suffers from a number of unavoidable shortcomings since collecting data during chaotic disaster conditions will inevitably lead to a database with missing values. Our data are not adequate enough to offer an exact quantification of the actual cumulative incidence of AKI because a serum creatinine check could not be performed in the large majority of surviving victims. In addition the patients who had their AKI diagnosed may have been a selected group and in this way not typical of the majority of AKI patients in Kashmir, as a large part may have died before reaching facilities where diagnosis was possible. Destroyed medical facilities on the spot and delayed transfers of the severely injured victims affected the high mortality and deteriorated the outcome of the surviving injured resulting in less treated AKI. In future disaster planning, it will be a challenge to screen the patients with AKI and to transfer the surviving injured casualties to hospitals with modern facilities, to close the gap between actual AKI and treated AKI, especially in rural areas with fewer medical supplies. The Renal Disaster Relief Task Force should adapt their support to these local circumstances. To identify patients with AKI in chaotic conditions, a crush syndrome patients' questionnaire could be very helpful. In Table 4 we illustrate the simple questionnaire that is currently used by RDRTF. Also, a protocol for fluid administration to prevent AKI, distribution of intravenous fluids and a dry-biochemistry kit in (rural) affected areas are needed in future earthquakes. 
